The present study was conducted to evaluate the effects of dietary supplementation of tea polyphenol （TP） on serum hormone, serum enzyme activity, antioxidant-related and immune-related gene expression of laying hens under heat stress. A total of 288 Chinese yellow chicken (186 days old) were randomly distributed among two treatments, each of which included 6 replicates of 24 hens. Dietary treatments were that the basal diet was supplemented with 200 mg / kg tea polyphenol. The study lasted for 7 weeks, 
related genes content in Chinese yellow chicken under heat stress.
Materials and Methods

Ethics Statement
This experimental protocol was approved by the Ethical Committee and conducted under the supervision of the Institutional Animal Care and Use Committee of Nanjing Agricultural University, Nanjing, China.
Experimental Birds, Design, and Feed Preparation
In this study, 288 186-day-old layer-type China native yellow chickens were assigned to 96 cages for seven weeks (one week of adaptation, six weeks of experimental period), completely randomized (CRD). The hens were randomly divided into 2 experimental groups, each with 6 replicates, with each replicate containing 24 chickens. Relative humidity was maintained at 50%, with temperature and humidity measured daily. Environment was kept clean and well-ventilated. Diets were prepared according to the normal nutritional needs of laying hens in China (Table 1) .
Tea polyphenols were obtained from Wuxi Sanzhi Biotechnology Co., Ltd., Jiangsu, China. The laying hens were divided into two groups, the control group: the basic diet; the treatment group: 200 mg / kg tea polyphenols were added to the basal diet. The experiment was conducted from July 15 to August 26, 2018, and exposed to high temperature for 7 hours every day (10:00 am -17:00 pm), with an average daily temperature of 32 °C ± 2. Samples were taken after the end of the experiment and 6 hens from each group were randomly selected.
Assay of Serum Biochemical Parameters
At the end of the feeding period, six blood samples (3 mL) from each treatment were collected from a wing vein using a sterile syringe and needle. After equilibration at room temperature for 30 minutes, serum was obtained by centrifugation at 3500×g for 15 minutes.
Serum samples were stored at -20 °C to determine serum parameters.
Serum cholesterol (CHO), total protein (TP), triglyceride (TG), albumin (ALB), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glucose (GLU), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) levels were determined by biochemical automatic analysis.
Assay of Enzyme Activities and Endocrine Hormones
Superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT) and malondialdehyde (MDA) [23] activities were assayed in serum using commercial kits (Nanjing jiancheng) [24] . Corticosterone (COR), oestradiol (E2), follicle stimulating hormone (FSH), luteinizing hormone (LH) were measured by ELISA. (Nanjing jiancheng)
Assay of Immune Activity
The IgG, IgA, IgM, complement C3, complement C4, IL-6 were measured by ELISA. The assay kit was purchased from Aoqing Biological Co., Ltd, and the reagent preparation and procedure were carried out according to the instructions. Main instruments: incubator, constant temperature water bath, oscillator.
RNA Extraction and Quantitative Real-Time PCR Assay
TRIzol reagent was used to extract total RNA from the liver and spleen. The total RNA concentration was determined using a Thermo Nano Drop 2000 (Thermo Fisher Scientific Inc., Waltham, USA). Reverse transcription was then performed in which the reaction system (20 μL) contained 4 µ L of total RNA. Next, the cDNA was produced through reverse transcription, and the cDNA was diluted to a desired concentration (400 ng/uL) for quantitative real-time PCR.
The mRNA expression levels of antioxidant enzyme-related genes -SOD, CAT, GPx1 and heat shock protein 90 (HSP90) in the liver were analysed using quantitative real-time PCR.
Similarly, quantitative real-time PCR was used to analyze the mRNA expression levels of the anti-immunological related genes Interferon-γ (INF-γ), Interleukin 2 (IL-2) and Interleukin 4 (IL-4) in the spleen. The primers used in this study were designed by Primer 3.0 software (Premier Biosoft International, Palo Alto, CA) and synthesized by GENEWIZ Biotechnology Company (Nanjing, China) ( Table 2 ). Using the following procedure, the system used for quantification is 20 µ L, qRT-PCR was performed in triplicate: 95 °C , 8 minutes, 35 cycles, 95 °C for 10 seconds, 60 °C for 15 seconds, 72 °C for 10 seconds, 72 °C for 10 minutes. The target genes and the β-actin primer sequence are listed in Table 2 . The relative expression levels of target gene mRNAs were analysed by comparing CT values (2-ΔΔCT).
Statistical Analysis.
All data were analysed using SPSS Version 20.0 for Windows and expressed as the mean values with pooled standard errors of the mean using one-way ANOVA. Differences were considered statistically significant at P < 0.05 and highly significant at P < 0.01, unless otherwise stated.
Results
Effects of TP on Serum Biochemical Parameters
Changes in serum parameters at the end of 42 days of feeding were observed as follows (Table 3) : TP (total protein) content in treatment significantly decreased by 9.49% (P < 0.05) compared with the control. There was also a significant difference in serum HDL-C (high density protein) content between the two groups; treatment decreased by 54.1% (P < 0.05) compared with the control.
Effect of TP on Serum Antioxidant Indices
It is well known that SOD, GSH-PX, CAT and MDA are the four main indicators reflecting the antioxidant status of laying hens [25] , so we determined the activity of SOD, GSH-PX, CAT and the MDA content of serum. Table 4 reflects the serum antioxidant index after 42 days of feeding with the tea polyphenol additive. From the four indices, it can be seen that the serum antioxidant index did not change significantly after 42 days of feeding, but it still followed the trend of SOD, GSH-PX, CAT increasing and MDA decreasing. Table 6 shows the immune status of laying hens after 42 days of tea polyphenol feeding.
Effect of TP on Reproductive Hormones
Effects of TP on Immune Parameters
Compared with the control group, the levels of serum IgG and IgM in the treatment group were significantly increased by 36.76% and 31.64% (P< 0.05), respectively.
Expression of Antioxidant-related Genes in the Liver
It can be seen from Figure 1 that after 42 days of adding tea polyphenols to the diet, the expression levels of SOD and GPX1 mRNA in the liver of the laying hens were significantly higher than those in the control group under heat stress (P＜0.05). However, the expression of CAT mRNA in liver was significantly decreased (P＜0.05), and there was no significant difference in the expression of HSP90 mRNA. This is consistent with the change in the previously measured antioxidant index, which demonstrates that the addition of tea polyphenols increases the antioxidant properties of laying hens.
Expression of Immune-related Genes in the Spleen
The effects of tea polyphenols on the levels of INF-γ, IL-2 and IL-4 in spleen of laying hens were measured. As shown in Figure 2 , after feeding the polyphenols diet for 42 days, it was observed that the spleen INF-γ, IL-2 and IL-4 mRNA expression levels were significantly increased in the treated group compared with the control group (P＜0.01).
Discussion
Flavonoids are found in beverages such as vegetables, fruits, grains, nuts, cocoa and tea. occupying 50-80% of the total catechins in tea, is considered to be the most chemically active catechin in green tea [18] . Previous research has shown that EGCG has the capacity to scavenge toxic reactive metabolic wastes [30] . Other studies demonstrated that the likely mechanisms of EGCG are oxidative stress, inflammation, and different molecular signalling pathways as the targets of EGCG [19] . Therefore, we speculated that the addition of tea polyphenols to basal diets may be associated with antioxidant properties and immune function. According to our experiments, in the presence of heat stress the addition of tea polyphenols can effectively improve the antioxidant performance of laying hens and the immune function of laying hens. Hormone levels also improved. Additionally, the addition of polyphenols increases the expression level of antioxidant-related genes.
Effects of TP on Serum Biochemical
After 42 days of feeding the diet supplemented with tea polyphenols, it was found that the total protein content (TP) in the serum of the treated group and the control group decreased significantly. EGCG in polyphenols has a certain alleviation effect on many chronic and cardiovascular diseases, especially cardiovascular diseases [31] . The increase in total protein content may be caused by some liver diseases [32] . Therefore, we speculate that the addition of tea polyphenols is also effective in preventing liver diseases.
Effects of TP on Antioxidation
From the antioxidant index data measured in the serum, it was found that the SOD, GSH-Px content of the treated group was increased, and the MDA level was lowered as 
Effects of TP on Hormone Levels
During the development of chicken ovary and follicles, a strict follicular development system was established through natural selection and follicular atresia, allowing these follicles to develop in a certain order [37, 38] . Egg production is currently one of the most profitable industries in animal production. Corticosterone is the major glucocorticoid released by the adrenal cortex of rodents, birds and reptiles [44] . When released into the peripheral circulation, CORT binds to intracellular glucocorticoid receptors, which usually respond to stress in some animals [45, 46] . From the results obtained in this experiment, after adding tea polyphenols to the laying hens' diet in a high temperature environment, the corticosterone content in the serum was significantly lower than that of the control group. It can be concluded that tea polyphenols play a very important role in relieving heat stress in laying hens.
Effects of TP on Immune Activity
As 
Effects of TP on Genes Expression of Antioxidant Enzymes in the Liver
Previous studies have shown that SOD is the first enzyme to fight O 2 radicals and important endogenous antioxidants against oxidative stress, and GSH-dependent enzymes (GST, GPx and GR) are resistant to peroxidative damage [51] . Increased expression of antioxidant-related genes, the liver's antioxidant defense system is greatly activated to resist oxidative damage caused by heat stress and balance the body's oxidation and antioxidant levels [52] . The enhanced motor activity (SOD) of antioxidants, CAT and GPX1) leads to increased defense against oxygen and free radicals in laying hens. The result of this experiment was that the expression levels of total RNA SOD and GPX1 in the liver were up-regulated in the tea polyphenol supplement group. The HSP90 gene is expressed when stressed. It can be seen from the results of this study that there was a downward trend in the expression of HSP90 in the liver of the laying hens compared with the control group, but the difference was not significant. Consistent with our results, Simona Rimoldi et al [53] found no difference in HSP90 mRNA expression between the two groups. It is speculated that this may be due to chronic heat stress. Collectively, these results indicate that the tea polyphenol-fed hens have a better antioxidant status than the control. 
Effects of TP on Genes Expression of Immune-related in the Spleen
INF-γ is a pluripotent cytokine produced by activated T lymphocytes and plays an
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Conclusion
This study shows that the addition of tea polyphenols in high-temperature environments has an effect on increasing the antioxidant capacity, increasing the expression of antioxidant-related genes in the liver, improving immune function, enhance the expression of immune-related factors in the spleen, and increasing hormones associated with reproduction to increase the amount of egg production. The experimental results show that tea polyphenols play an important role in relieving heat stress in laying hens. Therefore, tea polyphenols can be used as natural and safe antioxidants to improve the adverse effects of high temperature environments on laying hens. Table 1 Composition and nutrition levels of the basal diet (fed basis, %) Table 2 Gene-specific primers used in the real-time quantitative chain reaction Table 3 Effects of tea polyphenol on parameters of serum in laying hens
Chart Legends
Data with different superscript letters are significantly different (P < 0.05).
Table 4
Effects of tea polyphenol on serum antioxidant index of laying hens Table 5 Effects of tea polyphenol on hormone levels of laying hens Data with different superscript letters are significantly different (P < 0.05) GREA(mmol/L) 5 ± 1.14 4.4 ±0.98
Values are the mean ± SE of 6 hens. Data with different superscript letters are significantly different (P < 0.05).AST, aspartate aminotransferase; ALT , aminotransferase; ALP , alkaline phosphatasealanine ; ALB, albumin; TP, total protein; TG, triglyceride; CHO, cholesterol; GLU, glucose; HDL-C, high density protein and LDL-C ,low density protein . 
